Ehrlichl and Langley2 have adopted the view that living protoplasm carries certain chemoreceptors, or contains chemoreceptive substances, and it is by combination with these that drugs induce specific effects. The validity of this hypothesis forms the subject of this paper.
The mode of action of secretin was investigated first, because this substance affects profoundly only one tissue in the body-the pancreas. It is true that it cannot be regarded as comparable with drugs proper since it belongs to the group of animal hormones which, as will be shown later, act differently from drugs of vegetable origin. As an example of the latter group strychnine was chosen since its action is specific and sharply confined to the medulla and cord.
Method. Dogs were employed in almost all experiments when the activitv of the pancreas was being measured. They were ana3sthetised SECRETINA2 AND ACTION OF DRUGS.
with chloroform and urethane, and also received an injection of morphine. In a few cases the animals were killed by pithing after the induction of anesthesia. Pancreatic emulsions and secretin were obtained from the tissues of tbe dog, but fresh pancreas and duodenumn of the sheep were at times procured from the slaughter-house. The strychnine experiments were conducted on rabbits and frogs, and the spinal cord for making emulsions was also obtained from rabbits. All (a) Some characters of secretin. Our first object was to obtain a reliable and standard secretin. This body can be obtained in considerable amounts from the duodenum of all vertebrates, and we fail to appreciate why Popielskil still insists on the nervous hypothesis of pancreatic secretion; since nerve stimulation does not lead to secretion the necessity for such a hypothesis is wanting.
By pounding the mucous membrane of the duodenum in a mortar with sand, extracting with water, and filtering through a Berkefeld filter, a clear filtrate is obtained. If this filtrate is boiled with acid and neutralised, it never contains secretin. The secretin then should be in the precipitate on the Berkefeld: but if this precipitate is scraped off and similarly boiled with acid it also is found to be destitute of secretin. Bayliss and Starling first showed that prosecretin was not contained in the filtrate and we have confirmed their results and have also shown that it is not present in the precipitate. The hormone has completely disappeared. It seemed possible though a' priori unlikely that secretin might be destroyed by passing through a Berkefeld filter. We have found that a freshly prepared, clear and active solution of secretin ceases to be active after passing through a Berkefeld filter, at a pressure of about 5 mm. of Hg. We propose to show on another occasion what becomes of this secretin.
If then the proseeretin be soluble in water it is possible to conceive that it may be destroyed in,the filter in a similar manner. These 1 Arch. f. d. ges. Physiol. cxxi. p. 239. 1908 . Popielski asserts that pancreatic secretion produced by the action of secretin however carefully prepared is invariably accompanied by a fall of blood-pressure. We have confirmed the statement of Bayliss and Starling that secretin prepared from duodenal mucous membrane which has been extracted with hot alcohol produces active pancreatic secretion without producing any effect on blood-pressure.
experiments did not help in the preparation of a pure secretin, although they have provided us with a ready means of separating secretin from digestion mixtures, a method of which we have availed ourselves in' later experiments.
If the duodenal mucous membrane of an animal be washed on a filter paper for five or six days with running water the prosecretin does not pass out, and is not destroyed provided that a drop of chloroform is added daily to prevent putrefaction. From such washed mucous membrane we have removed the depressor substances by boiling alcohol and ether and have prepared a relatively pure secretin from the residue. Prosecretin is therefore insoluble in water, alcohol, and ether, but is readily soluble in dilute acids. In those experiments in which a pure secretin was necessary it was prepared in this manner.
If secretin is allowed to stand in unstoppered bottles in the laboratoiy during summer it is found to have practically disappeared within 24 hours. If, however, the freshly [fade secretin after boiling is preserved in a sterile tube, so as to prevent bacterial action, and is kept in the dark to inhibit oxidation, it will remain active almost indefinitely, and it is thus possible to use a standardised preparation. A dried acid extract of the mucous membrane also keeps well (samples tested after storage for a year were found extremely active), so that at any time a standard solution miay be prepared by dissolving a weighed quantity in water and neutralising'.
It has lately been stated by Modrakowski2 that choline causes a pancreatic secretion which is not antagonised by atropine: he says it is identical with secretin. It is true that choline is present in extracts of the mucous membrane of the duodenum as it is in most animal extracts, and we have shown that the injection of 0x02 grm. of choline intravenously into a dog induces a secretion of one or two drops of pancreatic juice. Anyone however who can seriously suggest an identity between these two substances, choline and secretin, can never have observed the effect of a properly prepared secretin. The choline action resembles that of muscarine and pilocarpine, though it is much feebler; the action of all these bodies on the pancreas is insignificant compared with secretin, and is eliminated by atropine while that of secretin is not. von Furth and Schwarz3 also found that the pancreatic effect ofcboline is antagonised by atropine; they think however that some of the action of secretin may be due to choline. Their method of preparing secretin, though they state that it is after that of Bayliss and Starling, is unsatisfactory, since they appear to employ the whole duodenum rather than the mucous membrane.
(b) The combiwdtion of secretin urith pancreas. If an emulsion of fresh tissue, such as salivary gland, liver, or muscle be added to a solution of secretin, the activity of the secretin is lost in a few hours. This was shown by Delezenne for intestinal mucous membrane, but it is also true for almost all tissues in the body. The presence or absence of secretin in this case is determined by boiling the mixture, filtering, and injecting thefiltrate into thecirculation ofanother animal, whilst recording the flow of pancreatic juice. If the secretin has remained in contact with the tissue for a period under half an hour but little destruction takes place. At "A" the injection was made immediately after mixing the two, and at "B " half an hour later a like injection was made except that the solutions had been allowed to incubate mixed together for eight minutes. Pancreatic juice recorded as drops. Time= Sec& .317
It will be seen from the experiment, illustrated in Fig. 1 , that incubation of pancreatic emulsion with secretin destroys no more of the latter than is affected immediately the two are mixed, provided the incubation lasts no more than 10 or 15 minutes. Hence it is improbable that any considerable destruction of secretin, which occurs on mnixing it with tissue cells for a strictly limited time, may be caused by oxidation.
In the present experiments the tissues employed to neutralise the secretin were cleaned, weighed, and ground up with normal saline solution to form an emulsion of known volume. Varying amounts of the standardised secretin were added to 10 c.c. of pancreas emulsion containing one gramme of fresh pancreas to 5-10 c.c. of water. The miixture was shaken for a period of one minute and was then boiled and filtered. The relative amount of secretin in the filtrate was determined by experiments on fresh animals suitably prepared to record the rate of secretion from the pancreatic duct. A long series of such experiments has shown that a definite amount of pancreas is capable of neutralising and destroying a fixed amount of secretin. Supposing that 10 c. (c) The power of other tissues to destroy secretin. It now becomes necessary to consider whether this combination of pancreatic emulsion with secretin is specific, or whether other tissues exhibit a like action. For this purpose several different tissues were employed, but the most decided positive effects were obtained with the liver and salivary glands, and so we confine attention to these. Several experiments were performed in which definite quantities of standardised secretin were added to weighed amounts of liver, submaxillary gland and pancreas respectively. The emulsions after shaking for a definite period, 1 or 2 mins., were boiled and filtered and the amount of secretin in the filtrate was determined roughly, by injecting a known quantity into an anaesthetised animal. It was found that both the liver and salivary gland had some power of destroying secretin, but that when a suitable pancreas was used the destruction of secretin by this organ was out of all proportion to that caused by the liver, salivary gland, or any other tissue in the body. And sometimes so decided is this difference that it is impossible to doubt that-the effect of the pancreas is specific. In Fig. 3 at " A " the effect of injection of liver emulsion and secretin is shown upon a dog: it causes an active secretion of pancreatic juice, less however than that induced by the same dose of secretin given alone. When the same amount of secretin was mixed with a pancreas emulsion equal in strength to that of the liver emulsion the intravenous injection caused no flow of juice.
Several hypotheses might be suggested to account for the partial neutralising action of liver and salivary gland emulsions upon secretin. It may be pointed out in the first place that emulsions of organs injected together with drugs materially influence the degree of activity of these drugs. Thus an emulsion of liver extract containing pilocarpine injected into a femoral vein induces less effect on the cardiac vaguis than if the pilocarpine had been injected alone. It appears to act rather by delaying the absorption of the drug into the tissue upon which it acts than by any chemical effect. Further and more complete evidence on this point is ;given later, when the mode of action of strychnine on the spinal cord is discussed. This criticism is not, however, significant with emulsions of pancreas or liver and secretin, since these injections were made, for the most part, after boiling and filtering. Perhaps the most important fact in this connexion is that secretin has some action on both the salivary glands and liver, and it is quite possible that some of the destruction of this stubstance may be brought about during the induction of physiological activity as, in our opinion, is the case with the pancreas.
All these experiments then go to show that secretin combines in a specific manner with some constituent of the pancreas. When the secretin has once disappeared from the emulsion by no procedure that we have adopted has it been possible to recover it. Some evidence has, however, been obtained suggesting that secretin may sometimes combine in a relatively loose way with some substance in the liver, this loose combination tending either to diminish or annul the specific action of the hormone.
This effect is illustrated in Fig. 3 . In this experiment a liver emulsion was added to standard secretin and the two were shaken together for three minutes: the emulsion was then boiled and filtered and the clear solution assayed for secretin. An equal volume of the clear filtrate was boiled with 04 0/0 HCI, neutralised and also assayed for secretin. It was found in the latter case that the amount of secretin was increased. This effect was noticed only in the case of the liver and it is not constant: since, however, we have observed the effect three times we record the fact. These results may be explained by supposing that a small amount of secretin enters into some loose combination with a constituent of the liver, the secretin being so masked as to lose its characteristic activity, and that this combination may be broken up by boiling with acid so as to liberate active secretin. Possibly the secretin enters into some condition of stable equilibrium such as prosecretin,. but prosecretin cannot be the substance under discussion since prosecretin is insoluble in water whilst this substance is soluble. (d) Is secretin recoverable ? It now becomes necessary to determine what becomes of the secretin. It has been pointed out already that "in vitro" secretin combines with some constituent of the pancreas, and that to a much smaller extent it is destroyed also by the liver and salivary glands, and furthermore that a very small quantity of it may enter into-so loose a combination with the liver that, for a time at any rate, it is recoverable by boiling with acid.
Dogs were anssthetised and secretin was injected into the circulation during the course of two hours until it was found that the pancreas hardly responded to further injections. In this condition, 20 minutes after the last injection of secretin the animal was killed, and extracts were made of the pancreas, salivary glands, muscle and liver. These tissues when suitably emulsified were boiled with 04 0/0 hydrochloric acid, neutralised, filtered and assayed for secretin. Further, the considerable amount of pancreatic juice obtained by this procedure was boiled with acid, filtered and neutralised and also assayed. No secretin was detected in any of these preparations except in the case of the pancreatic juice; two or three drops were secreted from the pancreatic duct of one test dog when the juice, previously boiled with acid, was injected. In most cases, however, no trace of secretin could be detected and when it was present its amount was always quite insignificant, representing the merest trace; still it is not without interest that a trace of secretin, even under such abnormal conditions as those in which it was administered in these experiments, should find its way into the pancreatic juice, when the pancreatic cells contained no trace of the hormone'.
(e) The injection of tissue extracts during pancreatic secretion.
From these experiments it is clear that the secretin, which may be present at any one moment in the general circulation of an animal, should be capable of removal by the injection of a pancreatic emullsion. To investigate this effect dogs were anaesthetised and the pancreas was made to secrete by the administration of an intravenous injection of secretin. If now whilst the gland is actively secreting an injection of pancreatic emulsion is made into the circulation the secretion rapidly diminishes, and if the dose is sufficiently large ceases entirely for the space of some minutes, and this may occur when -the blood-pressure is little affected. Usually after some minutes inhibition the pancreas commences to secrete again though it does not attain to anything like its former activity. In Fig. 2 that the pancreatic emulsion combines with the free and easily available secretin and renders it inative, then when the "pancreas-secretin" molecule has been disposed of by the tissues such amounts of secretin as remain uninfluenced or possibly have been temporarily adsorbed in the liver or other tissues may be gradually liberated and free to act. The secretion now recommences, but owing to thee&straction of a considerable amount of secretin is leb actve than before. When a drug is injected into the circulation of an animal some of it induces the specific effect on the particular organ upon which it acts immediately, and some of it is taken up by otber tissues upon which it may have little or no action: the drug is then slowly secreted into the blood again and is eventually excreted by one or other of the natural channels. This is probably what happens to secretin. When a pancreatic emulsion is injected into the circulation of an animal it at once destroys all the free secretin in the blood, and the flow of pancreatic juice ceases. Now the combining constituent of the pancreas as will be shown later must be a highly complex substance possibly as complicated as protein, and hence is unlikely to be adsorbed into the tissues, but will be destroyed. So that as this substance disappears from the blood the secretin will gradually return to the blood and the flow of pancreatic juice may recommence.
Earlier in this paper it has been pointed out that the pancreas fromn different dogs varies greatly in its power of neutralising secretin and that the power may be very small, as for example in animals which are ill and emaciated or have had their pancreas previouslv exhausted by secretin. The pancreas of such animals when made up as an emulsion is unable to inhibit pancreatic secretion in the test animal, and so close is the parallelism between the neutralisation of secretin by different varieties of pancreatic emulsion on the one hand and the degree of inhibition of pancreatic secretion caused by injection of the emulsion on the other, that it affords valuable additional evidence that pancreatic emulsion checks pancreatic secretion by the neutralisation process. In other words, if an emulsion neutralises very little secretin it will have very little power of inhibiting pancreatic secretion and uice versa.
Further, if these deductions be trustworthy then emulsions of liver and salivary gland should also have this inhibitory action on the pancreas just in proportion as they neutralise secretin, and it has been found that this is roughly correct. Both emulsions of liver and salivary gland do inhibit pancreatic secretion, but as previously noted the effect weight for weight is less than that of the active pancreas.
SECRETIN AND ACTION OF DRUGSS. THE SUBSTANCES IN THE PANCREAS UPON WHICH SECRETIN ACTS.
The next step is to determine the nature of the substances in the pancrea4 with which the secretin combines. The most obvious constituents are the living protoplasm, and the granular matter which represents the proferments in the cells and which is extruded during the activity of the gland. Now if secretin should combine with these granules it should materially alter their nature and probably determine their secretion. It was our object therefore to inquire whether the substance in the pancreas representing the enzymes is the same as that in the pancreatic juice or whether it is altered by injections of secretin.
We have studied the question by making emulsions of the ground-up gland and observing whether the addition of secretin causes any alteration in the enzymic activity of the extract. The following is the protocol of a typical experiment.
Exp. 1. The pancreas of a freshly killed cat was excised, ground with sand td chloroform-water, centrifuged and allowed to stand overnight in the ice-chest. Sme secretin was prepared from the duodenum of the same animal and was carefudy neutralised, a cold water extract of the duodenal mucous membrane of the same anal was also prepared and filtered through a Berkefeld filter, in order to destroy at secretin which it might have contained. By this procedure a clear filtrate was obtasid&
Mixtures were set up in small sterile flasks as shown in the The results shown in the table indicate that whereas neither the emulsion of pancreas (a), nor the mixture of duodenal extract and secretin with boiled emulsion of pancreas (e) contains any active trypsin, a mixture of all three as in (d) represents a considerable amount of trypsin as measured by the digestion. It will be noticed that the addition of secretin or of duodenal extract alone to the emulsion causes the development of some proteolytic power, and that the duodenal extract is without doubt the more powerful activator. This is probably partly explained by the fact that in this experiment no especial care was W. E. DIXON AND P. EAMILL.
taken to avoid the inclusion in the pancreatic emulsion of those portions of the gland which from their proximity to the intestine are liable to be contaminated with intestinal juices, and to contain in their duicts small quantities of pancreatic juice. In later experiments in which darticular attention was paid to these points, and in which the enterokinase was made from the lower portions of the intestine to avoid the more thoroughly any likelihood of contamination with secretin, it was fotind that the effect of adding either enterokinase or secretin alone to the emulsion of pancreas was insignificant in comparison with the effect of adding a mixture of the two. 
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Other experiments have been performed in which the tryptic activity was tested on suspensions of casein: in these the residual nitrogen was estimated at the close of the period of digestion, after precipitation of the undigested casein, by means of tannic acid. These experiments show a still greater contrast between the amounts digested with and without the addition of secretin. The following digestion mixtures were made: P + 5 c.c. A + 2 c.c. water + toluol. P + 5 c.c. B + 2 c.c. Sec + toluol. An equal weight of Congo red fibrin was added to each. After four hours' incubation at the laboratory temperature " A " showed no alteration in colour and " B " was pink. After 12 hours "A" was very slightly coloured and "B" was well coloured. Control experiments showed that the digestion in "A A" was the same as if the secretin had not been added.
If the secretin acted on the enterokinase then the resulting filtrate (that is solution A) should digest at the same rate as solution B + secretin, which is not the case. Solution A contains apparently no secretin, it has been separated out by the Berkefeld as we have shown already: it appears to contain uualtered enterokinase.
It is of course well known that contact of secretin with an emulsion of cells from the small intestine brings about slow destruction of the hormone, but this change does not in any way affect the enterokinase since the activity of the latter remains unaltered. These experiments disprove any supposition of the secretin inducing its beneficial action on digestion by-acting on enterokinase.
Secretin, then, acts upon certain dead granules in the cell, and we have obtained no evidence to show that it influences the general. protoplasm.
The secretin might conceivably act either by chemical combination or after the fashion of a ferment, in which case a small amount of secretin should suffice to activate an indefinite amount of pancreatic PuL XXxVIII.
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emulsion. Experiments were therefore undertaken to determine whether ther.e is a stochiometric relationship between the quantity of secretin added to the emulsion and the resulting tryptic activity of the mixture. In this experiment no precaution was taken when making the emulsion to exclude those portions of the pancreas which border on the intestine and this may account for the tryptic activity in the emulsion of pancreas alone.
The results show that the quantity of trypsin in the mixture, as measured by the amount of digestion, increases with the addition of secretin until a maximum is obtained. It has been found in other experiments that the addition of still further quantities of secretin produces either no effect or a slight inhibition of the activity. This experiment agrees' with the results already shown that pancreatic emulsion destroys a certain definite amount of secretin.
It might be urged that the increase in tryptic activity in these experiments caused by the presence of secretin was due to the salts which are necessarily present in the secretin solution, for it is well recognised that electrolytes exert a great influence on ferment action.
We have proved that this is not the explanation of the phenomenon. It is obvious then that the increased activity is not the result of calcium, since the effect is obtained equally well in the absence of the calcium ion.
Observations were next made on the other enzymes of the pancreas -the amylopsin and steapsin. The effect here is very considerable.
Another experiment was performed in which the alcoholic extracts were precipitated with phosphotungstic acid in order to remove reducing extractives, before being finally made up to known volume for estimation.
I Delezenne. Compt Exp. 8. Same pancreas and secretin employed as were used for Exp. 3. 100 c.c. starch, 5 c.c. P, and 2 c.c. toluol used; they were incubated for 40 hours at 380 C. 50 c.c. were treated with 100 c.c. alcohol and the sugar extracted as before. The extracts were precipitated with phosphotungstic acid (which of itself does not reduce Fehling's solution), and were made up to 50 c.c. 25 c.c. were taken for each estimation of sugar. In this experiment no special care was taken to obtain secretiu-free pancreas, but in spite of this the action of secretin is well defined. The results show that secretin affects the precursor of amylopsin in the same way as it does the precursor of the proteolytic enzyme.
A qualitative experiment dealing with the action of secretin on the lipase of the pancreas may also be mentioned. An emulsion of N pancreas was prepared and to it a few drops of 0 NaOH and some phonol-phthalein were added. Equal portions of this mixture were taken and mixed with 0-5 c.c. ethyl butyrate; to one tube carefully neutralised secretin was added and to the other an equal quantity of water, both were left at room-temperature. The red colour in the tube containing the secretin was discharged in one hour whereas the colour in the other was unaltered after 24 hours. Lowenharti and others have shown that bile salts influence the action of lipases on fats and many esters. Donath2 has recently shown that when an emulsion of pancreatin is deficient in or contains no lipase, the precursor of this ferment may be activated by the addition of cholic acid and that the activity of the solution within certain limits varies with the amount of acid added. Ordinary preparations of secretin contain varying quantities of bile salts and cholic acid so that for this experiment the secretin was specially prepared from dog's duodenal mucous membrane, wbiclh had been extracted in an extraction apparatus with hot alcohol and with ether. No reaction for bile salts could be obtained from this preparation.
The experiments given above, which may be regarded as typical of what occurs when proper precautions are taken, show conclusively that secretin acts upon the proferments of the pancreas, increasing their digestive power.
Journ. of Biol. Chem. iI. p. 391.
SECRETIN AND ACTION OP DRUGS.
In considering the nature of this action it might be urged that the emulsions contain living intact cells and that the secre ¶in stimulates them in some way, causing them to give up their contained zymogein. This is not the interpretation, since microscopical examination of the sediment obtained by centrifuging the emulsions shows that unbroken cells are absent or extremely rare. Further, the effect is produced with emulsions which before the addition of secretin have stood overnight with chloroform and toluol, a procedure which would effectually destroy still living cells. The quantitative relations obtaining between the amount of secretin added, and the digestive activity, force us to the conclusion that no hypotheses involving "vital" activity can account for the facts.
Before leaving this section it is necessary to point out that the addition of moderate quantities of secretin to pancreatic juice with or without enterokinase does not influence digestion; large amounts retard digestion.
DISCUSSION OF RESULTS.
From the facts recorded a clear idea is obtained of the mode of action of secretin. It was shown first that secretin combines quantitatively with some constituent of the pancreas, and as the result of this chemical change its characteristic features are lost. The secretiin does not act upon the enterokinase. Secondly, it was shown that secretin exerts a profound influence on pancreatic enzyme action; that as secretin is added to an emulsion of pancreas and enterokinase the activity of the enzymes is increased until a maximum is reached after which further additions exert either no effect or slightly diminish the activity. Further, the amount of secretin necessary is proportional to the amount of zymogen present, i.e. double the amount of emulsion, and the quantity of secretin necessary to obtain the optimum activity must also be doubled. These facts must be interpreted as indicating that secretin acts upon and probably combines with the zymogens in the pancreas, and that the freshly formed substances are secreted from the cell. Accordingly the trypsinogen in the pancreatic juice is not the same as the zymogen in the pancreatic cell since the latter must be combined with secretin before it becomes trypsinogen; hence it is necessary to refer to the proteoclastic zymogen in the pancreas as protrypsinogen. Thus the series of changes resulting in the production of trypsin may be stated as follows: HCO x Prosecretin = Secretin, Secretin x Protrypsinogen = Trypsinogen, Trypsinogen x Enterokinase = Trypsin. These experiments do not necessarily show the manner in which vegetable drugs produce a specific action, but rather the way in which physiological activity is normally induced. Adrenalin appears to exert its action in a somewhat similar manner to secretin-it ceases to exist as such when it induces physiological activity. Thus if adrenalin is perfused through the pulmonary vessels it is destroyed slowly and no effect is produced on the vessels, but if it is perfused through splanchnic vessels it is rapidly destroyed and the vessels become contracted'.
Secretin acts mainly on the pancreas and hence it is of no great importance in what part of the body it is set free into the circulation, for eventually it will find its way to the pancreas and set free trypsinogen. But if judging by analogy we assume that all tissues are activated by the liberation of hormones such liberation into the general circulation would not be efficient. If for example muscle is caused to contract by the intervention of a hormone it is essential that this hormone should be set free at the spot at which it is to act, or it would affect other muscle, and if this suggestion is found to be supported by the discovery of other necessary hormones the development of the intricate system of nerve distribution assumes a new significance. In this connection attention might be drawn to the action of some of the purin derivatives which specially excite muscle contraction2 and which are produced in the muscle as the result of nerve stimulation.
Having shown that with two of the natural hormones the induction of physiological activity results in the destruction of the exciting substance, and in the case of secretin that this is accompanied by combination with certain chemical constituents of the cell, it becomes necessary to enquire whether this is the way in which vegetable drugs exert their specific action. Furthermore all these observations which we have mentioned can be more readily explained in another way than by supposing that, the strychnine enters into some form of combination with the spinal cord.
If a lethal dose of strychnine is mixed with a solution of gum or with milk or even a suspension of cbalk and injected into an animal, a diminution of the strychnine toxicity is observed, and this diminution is quiite comparable with that produced when it is mixed with the emulsion of cord. We have performed a considerable number of experiments which have convinced us that emulsions of spinal cord added to solutions of strychnine do not interfere with the specific effect of the alkaloid except by delaying its absorptioni. If the minimal lethal dose of strychnine for subcutaneous injection in an animal is mixed with a solution of gum or an emulsion composed of the complete spinal cord of an adult rabbit, and is injected subcutaneously into that animal, it is seriously affected but does not die: if however a dose slightly in excess of the minimum lethal be given, death always ensues. Any tissue emulsion is found to have the same type of effect as nerve emulsion, and the more colloidal in nature the mixture the greater the delay in absorption of the strychnine, and therefore the less its toxicity. Spinal cord emulsion is in no way specific in neutralising the effect of strychnine.
Similar effects to these can be obtained with curare, if a dose of curare sufficient to produce motor paralysis be mixed with an emulsion of spinal cord and injected into a pithed frog the paralysis may never occur, not because the curare is destroyed or combined, since it retains its properties if the fluid is filtered, but on account of delayed absorption. Perhaps however the importance of delayed absorption is best appreciated by injecting a minimal lethal dose of strychnine subcutaneously into two animals as far as possible under the same conditions; in the one case let the strychnine be dissolved in the minimal amount of water and in the other in a large excess of water. Although the amount of strychnine in the two cases is the same, the animal with the larger injection of water is very much less affected than its fellow. All these results tend to prove that nerve tissues have no power of combining with the strychnine, but that emulsions of spinal cord act by delaying absorption. Thus when the crucial experiment of the side-chain hypothesis is applied to vegetable drugs, and we have also performned a number of experiments with cocaine and morphine, it yields negative results so that no support is found for the conception of the existence of chemo-receptors for these bodies. It has been urged that the chemical combination is of such a delicate nature that the methods we have employed cannot be admitted: to which it might be replied, thee why are they admitted in the case of toxins? But even allowing that the experiments are not valid, the surmise that drugs act by chemical combination with living protoplasm is likewise totally unsupported by direct evidence.
If drugs do not act by combining chemically with the protoplasmic molecule, how do they produce their effects ? The specific effects of drugs are strictly comparable with normal physiological actions such as may be produced by electrical stimulation of nerves. For example, there is no inherent difference between the action of muscarine on the heart on the one hand, and electrical excitation of the vagus nerve on the other. So similar are the two effects that it is not unwarrantable, in the absence of any evidence to the contrary, to assume that they are brought about in the same way. If it is permissible to argue from analogy there is reason in the suggestion that excitation of a nerve induces the local liberation of a hormone which causes specific activity by combination with some constituent of the end organ, muscle or gland'. If this be true of electrical stimulation it may be true also of drugs that they act by causing a liberation 'of the specific hormone, or in the case of paralytic agents preventing such liberation, and that they themselves, like enzymes and catalytic agents, take no part of a chemical nature in the ultimate changes. In any case the evidence at present available lends no support to the chemo-receptor hypothesis.
It is suggested therefore that the ordinary galenical drugs act quite differently from secretin and adrenalin. The latter are destroyed while inducing physiological activity and probably enter into chemical combination with some constituent of the tissues on which they act, the former do not form chemical compounds in the cell.
It is well known that certain vegetable alkaloids which induce specific effects may be partly destroyed in the animal body, and further that by habituation the capacity of the tissues for destroying the drug may be increased, the condition of tolerance resulting. The destruction which takes place under these conditions is quite different from that of secretin and adrenalin; the hormones disappear with the production of physiological activity, i.e. they combine as soon as they reach the tissue activated, whereas the vegetable alkaloids are very slowly destroyed, and the destruction is not coincident with physiological activity. Evidence has recently been obtained that the destruction of such alkaloids as morphine and nicotine1 in tolerant animals is the result of enzymic activity.
It is true also that some drugs combine chemically with organic constituents of the body, and in so doing lose their specific action. Thus the important drug salicylic acid combines in the body to the extent of about 500/0 with glycocoll, and the resulting salicyluric acid is innocuous, and possesses none of -the specific therapeutic effects of salicylic acid. Similar examples are found in phenol and indol which combine with sulphuric acid, and camphor and its analogues which combine with glycuronic acid. In none of these cases does the combination bring about physiological activity, it is only a means by which the organism diminishes the toxicity and facilitates the excretion of the drug.
CONCLUSIONS.
(1) Enzymes exist in the pancreas as precursors-protrypsinogen, proamylopsin, prosteapsin. Secretin combines chemically with the precursor and liberates the zymogen in the case of trypsin, and the active enzymes in the other cases: these are secreted in the pancreatic juice. (2) We have failed to obtain evidence that vegetable alkaloids exerting a specific effect in the body act by combining with chemoreceptor substances.
(3) It is suggested that physiological activity of muscle and gland is due in all cases to the liberation of specific hormones which combine with a receptor substance.
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